Introduction
Lake Van is situated in eastern Anatolia. It is a 3522 m 2 basin with a maximum water depth of 455 m . It is the largest soda lake in the world (alkalinity =153 meq l -1 , pH=9.81) (Reimer et al., 2009) . It also ranks the fourth-lake on Earth by volume (576 km 3 ). It has a closed drainage system with several perennial streams (e.g., Zilan, Ala Çay, Karasu, Dönemeç and Kotum), flowing down into the lake from the surrounding high mountains (Süphan and Nemrut volcanoes in north and west, Bitlis Massif in south, Eastern Van Mountains in east). These streams transport large amounts of sediments that have been accumulating in the lake basin during its 600 ka history (Litt et al., 2009; ). Owing to the lake level changes due to climate, local tectonics and volcanism, these sediments were deposited at various elevations on the basin margins.
Up to now, some studies were carried out on the terraces to enlighten stratigraphic, tectonic and climatic evolutions of the Lake Van Basin. Most of them dealt with the determination of the different shoreline elevations and their ages in order to evaluate the lake-level changes and the regional climate events during or after the last glacial period (Valeton, 1978; Kempe et al., 2002; . In addition, studies on the varve record, bacterial diversity, palynology, geochemistry, bathymetry and volcano-seismicity of the lake itself also exist Kempe and Degens, 1978; Wong and Finckh, 1978; Wong and degens, 1978; Degens et al., 1984; Kempe et al., 1991; Landmann, 1996; Landmann et al., 1996a, b; Kad›o¤lu, 1997a,b; Wick et al., 2003; fiengör et al., 2003; Landmann and Kempe, 2005; Lopez-Garcia et al., 2005; Kaden et al., 2005; Utkucu, 2006; Horasan and Boztepe-Güney, 2007; Kaden et al., 2010; Çukur et al., 2013; Sumita and Schmincke, 2013a, b; Ça¤atay et al., 2014) . Little work has been done on the sedimentology of the elevated lake terrace sediments, in spite of their spectacular outcrops in the relatively recently dissected lacustrine basin.
The purpose of this work is to discuss the tectonostratigraphic evolution of the Lake Van Basin based on the study of the lacustrine terraces and their depositional environments in space and time. To achive this objective, we first summarize the geological and seismo-tectonic settings of the basin, then describe the terrace sediments in detail, and finally, by interpreting their depositional environments, we discuss the temporal evolution of the Lake Van Basin.
Setting

General Geology
The Lake Van Basin has a heterogeneous stratigraphic basement that crops out on the lake margins. Northern and western margins are underlain mostly by Neogene to Quaternary volcanic rocks and in part by Miocene clastic and carbonate sediments (Figure 1 ). The eastern margin is dominated by Upper Cretaceous to Oligocene ophiolitic mélange and flysch, forming the East Anatolian Accretionary Complex. The southern margin is represented mostly by Palaeozoic metamorphic rocks of the Bitlis Massif ( Figure 1 ). All these rocks have acted as sources for the 700 m-thick sediments accumulated in the Lake Van since its formation about 600 ka BP (Litt et al., 2009; .
Mainly faults and folds characterize the geological structures in the Lake Van Basin (fiaro¤lu and Güner, 1981; Güner, 1984; fiengör et al., 1985; Y›lmaz et al., 1998; Toker and fiengör, 2011; fiengör et al., 2008; Çukur et al., 2013) . Faults are represented predominantly by short and discontinuous strike-slip faults with an irregular distribution. They are common in the north and the east of the lake, striking NW-SE, NE-SW and E-W. The NW-SE-and E-W-striking faults are mostly dextral, whereas the NE-SW-striking ones are generally sinistral (Figure 1) . Most of the strike-slip faults appear to be active and dominate the seismotectonics of the region. Beside them, a small number of active thrusts and normal faults are also observed in the close vicinity of the Lake Van. The thrust faults, which ruptured during the October 2011 Van Earthquake (M=7.1), also characterize the eastern margin between the Lakes Van and the Erçek (Akyüz et al., 2011; Erdik et al., 2012; Do¤an and Karakafl, 2013; Fielding et al., 2013) . Normal faults are seen in the area in association with the strike-slip faults. They mostly form where the strike-slip faults make releasing step-overs (i.e. the faults bounding the Northern Ridge in western part of Lake Van). Folds occur mostly in the east of the Lake Van, affecting the ophiolitic mélange and the associated formations. They are generally local, discontinuous and broad anticlines and synclines with a general NE-SW trend ( Figure 11 in fiengör et al., 2008).
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The geology of the Lake Van Basin has been shaped mainly after the closure of the Bitlis Ocean in the medial Miocene (fiengör and Y›lmaz, 1981; fiengör et al., 1985; Görür, 1992) . This closure resulted from the collision of the Arabian and Eurasian plates and created the eastern Anatolian high plateau. The plateau is formed mainly from the East Anatolian Accretionary Complex, which developed south of the Rhodope-Pontide magmatic arc. It has a massive dome structure in part with smaller and local domes. The Lake Van Basin is located on such a local dome (the Lake Van dome, fiengör et al., 2008) . It developed as part of the paleovalley system of the River Euphrates in the E-Wtrending Mufl-Van Basin (Erinç, 1953; Wong and Degens, 1978; fiaro¤lu and Güner, 1981; Güner, 1984; fiengör et al., 1985; Y›lmaz et al., 1998; fiengör et al., 2008; Kuzucuo¤lu et al., 2010; Çukur et al., 2013) . The Mufl and Van basins were separated by the eruption of the Nemrut Volcano about 600 ka BP (Y›lmaz et al., 1998; Kuzucuo¤lu et al., 2010; Litt et al., 2012 ).
Seismotectonics
The eastern Anatolian high plateau is still rising and undergoing an active deformation (fiengör et al., 2008) . This is indicated in the Lake Van region by the occurrence of earthquakes of various intensities during the historical and instrumental periods. During the historical period, 13 earthquakes with epicentral intensities, ranging from VI to IX were recorded in the area. These events occurred in AD 1110 AD , 1245 AD , 1276 AD , 1441 AD , 1582 AD , 1647 AD , 1648 AD , 1701 AD , 1704 AD , 1715 AD , 1879 AD , 1871 and 1881, causing a great damage in the settlements around the lake (Ergin et al., 1967) . During the instrumental period (between 1930 and 2011) , 87 earthquakes of magnitudes more than 4.0 occurred in the region (Horasan and Boztepe-Güney, 2007) . Three of them were very destructive and large events, having magnitudes greater than 7.0. They were 1930 , M=7.6 Iran, 1976 , M=7.3 Çald›ran and 2011 .2 Van earthquakes ( Figure 2 ). Focal mechanism analysis indicates that most of these earthquakes resulted from the ruptures Bull. Min. Res. Exp. (2015) of the strike-slip faults, particularly those of the dextral ones. This is an expected result, because the dextral strike-slip faults outnumber both the sinistral strike-slip faults and the thrusts in the region. Thrustrelated events mostly occur in the south and the east of the Lake Van in conformity with the distribution of these faults in the basin (Wong and Finckh, 1978; fiengör et al., 1985; Örgülü et al., 2003; Tan, 2004; Horasan and Boztepe-Güney, 2007) . Majority of the earthquakes are shallow events generated predominantly in the upper 10 km of the crust.
Chronology, Sedimentology and Depositional Environments of the Terrace Sediments
Age of the Terrace Sediments
Terrace sediments crop out in the lake margins at various elevations, ranging from 1656 m to 1754 m (Figure 1 ). They are mostly confined to valleys and coastal areas where they display packages of ca. 3 mto 25 m-thick offshore lake to marginal lake (nearshore lake, delta, beach and alluvial fan) facies with well-preserved sedimentary features, providing important clues to their depositional environments. Their available ages are compiled in Table 1 . They are dated in Güzelsu (Dönemeç Çay› Valley), Beyüzümü (Çayaras› Valley), Yumrutepe (Karasu Valley), Karahan Village, Adilcevaz (Kara Dere valley) and Kotum Dere Valley (Figure 1 ). The dating was made by previous studies using radiocarbon and 234 Th/ 238 U methods (Kempe et al., 2002; Kuzucuo¤lu et al., 2010) and by us using Optically Stimulated Luminescence (OSL) method ; this study) (Table 1 ).
In the Dönemeç Çay› Valley (Güzelsu), mainly offshore lake sediments crop out at an elevation of 1705 metres above sea level (masl) and yield an age, ranging between 20.9 and 20.7 14 C calib. ka BP Tectono-Stratigraphic Evolution of the Lake Van 4
Figure 2-Seismotectonic map of the Lake Van and the surrounding region. Active faults are compiled from Emre et al. (2013) and Çukur et al. (2013) , and focal mechanism solutions are from Harvard CMT catalogue (Ekström et al., 2012) .
➣ N Table 1 -The dates of terraces around the Lake Van. The compiled data are from Kuzuo¤lu et al. (2010) , Kempe et al. (2002) , Mouralis et al. (2010) , and this study. (Kempe et al., 2002) (Figure 1 ). In the Çayaras› Valley (Beyüzümü) southeast of Van City, nearshore laminated lake sediments located at 1754-1761 masl elevations were dated ? 30-34 14 C calib. ka BP using radiocarbon method and 15.1 ka using OSL method (this study). In Yumru Tepe in the Karasu Valley, beach and Gilbert-type delta deposits located at 1736 and 1712 masl elevations, respectively have 30-34 14 C calib. ka BP, same as the age of the nearshore lake sediments in the Çayaras› Valley (Table 1 ; Figure 1 ). Our OSL age for the same sequence at a higher elevation ranges from 10 to 20 ka BP with the most frequent ages occurring at 15.1 ka BP, whereas the age at the lower elevation is 12 ± 1.8 ka BP. Around the Karahan Village, another Gilbert-type delta sequence is exposed at 1690 masl elevation, for which Kuzucuo¤lu et al. (2010) found ages varying between 24.9 and 25.7 14 C calib. ka BP (Table 1 ). In the northern margin, around Adilcevaz (in the Kara Dere Valley), nearshore lake sediment located at an elevation of 1697 masl are dated between 6.1 and 10.3 ka BP by OSL method (this study). Kuzucuo¤lu et al. (2010) , however, report the formation of only up to 13 m high terraces above the present lake level near the river mouths during the early Holocene, between 5.9 and 9.7 14 C calib. ka BP So far the oldest dated terraces are found in the Kotum Dere Valley. According to Kuzucuo¤lu et al (2010) , the oldest terrace is dated to be older than 105 ka BP. This terrace reaches 1755 masl, about 110 m above the present lake level and 20 m above the present lake threshold, and was deposited during a period when pyroclastic deposits dammed the lake's outlet in the Kotum Valley. Another terrace in the lower Kotum Dere Valley (our Sections KOD1 GPS-035 and KOD 2, GPS-037; Fig 1) reach 1730-1735 m, and is dated sometime between 100-35 ka, according to the 39 Ar/ 40 Ar and U/Th ages of the travertine and pumice units disconformably underlying the laminated terrace sediments Mouralis et al., 2010) .
Site
The dating of the terraces revealed that their age generally increases with their elevations. Older terraces commonly occur at high elevations in most part of the Lake Van Basin, except the terrace in the Kara Dere Valley in the Adilcevaz region, which yields younger age despite its high elevation (1697 masl; 50 m above the present lake level). However, the most previously published age data presented here on the terraces should be evaluated and used with caution, because the stratigraphic position, lithology, facies association, stratigraphic relations and depositional environment of the dated samples are not unequivocaly documented. Consequently, the terraces cannot be correlated facies by facies throughout the basin on the basis of the available ages. It is therefore difficult to discuss temporal and spatial evolution of their depositional conditions with the available age data. However, we consider that it would be reasonable to think that the terraces reflect the natural history of the Lake Van Basin over the last 125 ka BP, the age of the so far known oldest dated terrace sediments.
In the following paragraphs, we describe the terraces first and than interpret their environments of deposition. Based on this interpretation we than reconstruct the depositional environmental conditions and discuss the tectono-stratigraphic evolution of the Lake Van Basin during the last ~125 ka BP. (GPS-001, lat: 38.3332°, long: 43.1891°, elev: 1687 Description: This section was studied at the southern slope of the Dönemeç Çay› Valley, between the Villages of Andaç and Mülk (Figure 1 ). It is a 5 m-thick clastic and laterally persistent sequence, consisting mainly of very fine-grained and wellsorted sandstone with minor amounts of siltstone and claystone. The sandstone displays fine parallel lamination, micro cross-lamination and small-scale trough cross-stratification both in the lower and the upper parts of the section. In the middle part, it contains distinctive convolute lamination and flame structures (Figure 3 ). Interpretation: These sediments were probably deposited in the offshore environment of the PaleoLake Van as suggested by such features as the lateral persistency, very fine grain size, lamination, smallscale cross-stratification, convolute lamination, and flame structures. These soft-sedimentation deformation structures are interpreted to form due to the seismic shocks, triggering liquefaction and/or fluidisaton of unconsolidated sediments (Üner, 2014) . The absence of any fresh-water organisms in these sediments may have been due to the inhospitable soda water of the Paleo-Lake Van. The convolute laminations probably formed when the sediments were water saturated and perhaps subjected to earthquake shocks. -002), lat: 38.3299°, lon: 43.2409°, elev: 1708 masl) Description: This section is located in the southern flank of the Dönemeç Çay› Valley, 4.7 km east of the Section-DÖN 1 (Figure 1 ). It is made up of 7 m-thick yellowish green and upward-coarsening sandstone unit with various sedimentary structures. At the base of the section, sandstone is fine-grained, poorly-cemented and planar laminated that gradually passes upward into a fine to medium-grained and well-sorted sandstone with common bioturbation and bidirectional trough-shaped cross-stratification (up to 40 cm) (Figure 4 ). This cross-bedded and burrowed sandstone is followed by 30 cm-thick, whitish and thinly-bedded clayey carbonate or marl with an erosional contact. The section then continues towards the top with a well-sorted and medium-to coarsegrained sandstone, becoming pebbly at the top.
Section-DÖN 2 (GPS
Interpretation: The upward-coarsening sequence of predominantly well-sorted sandstone with welldeveloped laminations, burrowings and bidirectional cross-stratifications seem to be representative of many of the features observed in the shoreface of a beach environment. The complex hydraulic conditions of this environment permit the accumulation of a wide range of sediments from fine sand to gravel with common burrowing structures and multidirectional trough cross-bed sets. The bidirectional trough cross-beds probably indicative of deposition under strong longshore current conditions. The erosion of these beds and the burrow tops indicate that this environment was subjected to modification by storm-generated waves. The clayey carbonates overlying the truncation surface perhaps represents the suspended sediments deposited as the storm wanes (Hayes, 1967; Howard, 1972; Reineck and Singh, 1972; Kumar and Sanders, 1976; Davidson-Arnott and Greenwood, 1976 (GPS-003-004, lat: 38.3271°/3268, lon: 43.2359°/2356 (GPS-003-004, lat: 38.3271°/3268, lon: 43.2359°/ , elev: 1713 (GPS-003-004, lat: 38.3271°/3268, lon: 43.2359°/ /1715 Description: This section is exposed at the southern slope of the Dönemeç Çay› Valley, 600 m from Section-DÖN 2 described above (Figure 1) . It starts at the base with 20 cm-thick brown, fine-to medium-grained sandstone overlain by up to 60 cm reddish to yellowish green mudstone with no internal structure, except some burrows and few discoidal pebbles in its lower parts. Above the mudstone is interbedded sandstone and 30 to 40 cm-thick green shale succeeded by 40 cm-thick and well-bedded sandstone with scoured-loaded basal contact. This sandstone and the underlying units are cut by a lowangle erosional surface, probably representing a basal glide plain at the base of a relatively small-scale slump or slide deposits . The section then continues upward with up to 2 m-thick poorly-sorted, ungraded and monogenic conglomerate. It forms a mainly clastsupported and poorly-to moderately-sorted pebble assemblage. Pebbles are commonly angular to subrounded and mostly have platy or discoidal shape. They are composed predominantly of travertines derived from a nearby bedrock slope (Figure 1 ). The conglomerate commonly displays a lenticular geometry with erosional bases, characterizing different episodes of channeling into the underlying sediments.
Toward the NE, this flat-lying conglomerate and the underlying sandstone sit on top of steeply NE-dipping interbedded sandstone and conglomerate and thus form a three-part structure, similar to that of a delta ( Figure 5 ).
Interpretation: This section displays the features of a Gilbert-type delta. The burrowed mud and the interbedded shale and sandstone in the lower part of the section probably accumulated as prodelta sediments (bottomset) in the Lake Paleo-Van, whereas the overlying horizontal conglomerate and sandstone were deposited in the delta platform (topset). The steeply dipping interbedded sandstone and conglomerate were deposited as delta slope sediments (foreset). The Paleo-Lake Van was probably abutting a steep slope of an adjacent high where travertine deposits were exposed like today's elevated travertine highs in the section area. The high provided limited detritus to the lake from a short distance as indicated by the coarse grain size of the topset deposits and the angularity of the clasts in the conglomerate. However, the sediment supply was persistent enough to build a small Gilbert-type delta in the lake's margin. The erosional surface, cutting the delta platform may indicate channel erosion or a slide, occuring in the delta front. (GPS-014, lat: 38.3732°, lon: 43.1925°, elev: 1705 Description: This section is located at the northern flank of the Dönemeç Çay Valley, 300 m south of the Dönemeç Village (Figure 1) . It is about 10 m-thick sedimentary sequence that is essentially composed of yellowish green very fine-to fine-grained sandstones with various types of sedimentary structures ( Figure  6 ). It starts at the base with 70 cm-thick laminated sandstone in part with cross-bedding. It is overlain with a rather sharp contact by about 30-40 cm-thick, thinly-bedded rippled sandstone sandwiched between two 10 cm-thick horizontal sandstone beds. This unit passes upward into another 1 m-thick sandstone package that consists predominantly of thin (5-10 cm) wave rippled sandstone beds separated by thin shale beds. The wave ripples appear to decrease in length and amplitude upward. The rippled sandstone package is succeeded by a 1.0-1.2 m-thick massive to faintly laminated and very fine-grained sandstone to clayey sandstone unit. Within this unit, a 10 cm-thick horizontal sandstone and a very-thinly-bedded and folded slump deposit are recognized ( Figure 6 ). The unit is than followed by about 80 cm-thick sandstone package, containing three sandstone beds of 25 to 35 cm thickness. The sandstone beds with erosional bases are interbedded with very thin mudstone beds. Above the sandstone package, a 1.3 m-thick white sediment occurs. This sediment appears to be laminites with alternating millimetric laminae of microcrystalline carbonate and clastic material in various proportions. At the base of the laminites, few short water-escape structures, i.e. burst-through structures, are observed. The laminites pass upward into very fine sandstone of 1.5 m thick that seems thinly-bedded at the base and massive at the top ( Figure 6 ).
3.2.4.
Interpretation: The abundance of laminated to very finely-bedded sandstones throughout the sections suggests that these sediments originated in a low energy offshore environment of the Paleo-Van. However, the presence of small-scale wave rippled and cross-bedded sandstones indicate intermittent higher energy conditions and they were probably deposited by low velocity traction currents. The slump sheet and the overlying sandstones with erosional bases show some characteristic features of soft sediment deformation and turbidites, respectively. The former probably formed as a result of liquidization of unconsolidated sediments, whereas the latter accumulated by turbidity currents. Considering the high seismic activity of the Lake Van region, both processes were probably triggered by earthquake shocks. The carbonate-rich laminites most probably represent varves, resulting from seasonal sedimentation under relatively deep water (high lake level) conditions. High carbonate contents were Bull. Min. Res. Exp. (2015) probably induced by input of calcium-rich waters (Litt et al., 2009; (GPS-053-054, lat: 38.5373°/5372, lon: 43.3923°/3913, elev: 1761 (GPS-053-054, lat: 38.5373°/5372, lon: 43.3923°/3913, elev: -1754 Description: This section is located about 1 km to the northeast of the Beyüzümü district of Van City (Figure 1) . It is characterized, as a whole, by 25 m of sandstones, becoming more conglomeratic in upper parts (Figure 7) . The sandstones are generally yellowish brown to beige in color and show various textures and sedimentary structures throughout the section. At the base of the section, there is horizontally-stratified sandstone with small pebbles, containing common and well-preserved fresh water bivalves (Dreissena sp). Above these fossiliferous coarse clastics is 1.5 m of gray, fine-to mediumgrained sandstone with faint and discontinuous ripple marks. It passes upward across a sharp contact into a 50 cm-thick and massive clayey sandstone overlain by a 1.5 m-thick, white to beige and laminated mudstone ( Figure 7 ). From this mudstone upward, the sequence continues with yellowish green to brown, locally fossiliferous, wave rippled sandstone, grading upward into brown laminated to massive sandstone alternating in part with rippled sandstone beds. To the top of the section, the sandstones are gradually overlain by about 5 m-thick, carbonate cemented and generally planar cross-bedded conglomerates in part with yellow sandstone interbeds, similar to the sandstones in the lower parts of the section.
All four radiocarbon dates from the Section-CV 1 terrace are indefinite and older than 30 ka BP (Table 1 ). Our single OSL age from the yellow laminated sand in the part of the section at 1754 m elevation is 15±1 ka BP, which is considerably younger than the radiocarbon ages of Kuzucuo¤lu et al. (2010) .
Interpretation: The widespread fine-to mediumgrained sandstones of this section probably accumulated in a nearshore lake environment of the Paleo-Van rather than deeper water offshore environment, because they contain no evidence of turbidite, slump or varve deposition. Therefore, it is believed that most of the sand-sized material in this section was contributed by river inflow, leading to the deposition in nearshore environments under the influence of the shoreline processes, including current or wave activity (Sly, 1978; Piccard and High, 1981) . Such processes could account for most of the features observed in the sandstones of this section. The presence of Dreissena sp. suggests that alkalinity and salinity of the lake water was low, possibly due to the proximity of the depositional site to the river mouth. The overlying cross-bedded coarse clastics indicate that the nearshore lake deposits graded upward into alluvial fan-fluvial facies, owing to either a drop in lake-level or an increase in sediment supply or both.
Stratigraphic Section in Yumrutepe in the Karasu Valley
In this valley, lake-related Quaternary sediments crop out about 1 km south of the Yumrutepe Village ( Figure 1 ). They are composed mainly of interfingering coarse clastic deposits with various facies characteristics, indicating that they were deposited in different neighboring depositional environments. In order to show their lateral and vertical facies changes, these sediments are described below from three sections, located at different elevations.
3.4.1. Section-KV 1 (GPS-048-049-050, lat: 38.6748°, lon: 43.3096°, elev: 1733 masl) Description: This section is a 3.5 m-thick sequence, commencing at the base with 1.0 m of greenish gray and massive pebbly mudstone overlain with a sharp and erosional contact by a 1.0 m-thick, brownish gray conglomerate ( Figure 8 ). The conglomerate is composed of moderately sorted, subrounded to rounded small pebbles (<4 cm) with an orientation parallel to the bedding surfaces. The beds are thin (≤10 cm) with well-defined sharp basal boundaries. This conglomerate is succeeded by a red, grain-supported conglomerate unit without any bedding. The clasts of the red conglomerate are commonly rounded pebbles, showing normal Bull. Min. Res. Exp. (2015) grading. The pebble size varies between 2 and 25 cm with an average of 4 cm.
Interpretation: The horizontally stratified conglomerate may be interpreted as deposits of a powerful stream. Its well-defined beds with nonerosive and erosive bases, moderate sorting, abundant rounded clasts with normal grading and absence of fossils support this interpretation. The tractional activity of turbulent streamflows was perhaps important in its deposition. This deposit compares closely to streamflood deposits and probably occupied a distal alluvial fan environment (Bluck, 1967; Steel, 1974; Steel and Wilson, 1975; Heward, 1978; Nilsen, 1982) . The overlying unstratified red conglomerate with erosional base and normal grading probably represents a braided river channel. -048-049-050, lat: 38.6733°, lon: 43.3095°, elev: 1736 masl) Description: This section, located about 90 m above the present lake level, represents the highest part of the terrace section in Yumrutepe locality ( Figure 1 ). Toward the south, the Section-KV 1 passes laterally into 7 m-thick Section-KV 2 that exhibits close stratigraphic and sedimentologic similarities to the former. It also contains brownish gray and red conglomerates in the same order as observed in the Section-KV 1 (Figure 9 ). At the base it consists of 1.5 m thick brownish gray conglomerate with some local sand lenses ( Figure 9 ). The basal unit is overlain by thinly (10-15 cm) bedded, weakly cemented yellow sandsone, which is followed upwards across a truncation surface by SE-dipping beds of coarse sandstone with some conglomerate interbeds. These dipping beds are overlain by a flat lying and Dreissena sp. bearing coarse pebble conglomerate above a second truncation surface. This conglomerate unit is overlain by a 0.3-0.7 m-thick loosely cemented green fine sandstone. The overlying unit above the green sandstone and below the soil zone at the top of the section is the red conglomerate as observed in the Section-KV 1 . It is generally unstratified or crudely stratified with abundant poorly-sorted sand or granule matrix. Large pebbles are generally subrounded to rounded pebbles with subordinate amount of boulders derived from a local source.
Section-KV 2 (GPS
Interpretation: The moderately -to well -sorted fabric of the brownish gray conglomerate suggests tractive transport or reworking of the deposit. The planar and non-erosive bases of its beds in the upper and lower parts of the section exclude channelised, turbulent currents. Its size, shape, sorting, segregation into well-stratified layers and fossil content may indicate a beach face depositional environment for this sediment (Bluck, 1967; Clifton, 1973) . These characteristic features probably resulted from reworking and winnowing by waves and storms in the backshore to foreshore sub-environments of a beach along the Paleo-Lake Van. The intervening sandstone with planar cross-bedding may support this interpretation. The presence of freshwater bivalves near the top of the sequence indicates considerably lower lake water salinity and alkalinity than those of the present-day lake waters.
The geographic positions and the stratigraphic relations of the Sections-KV 1 and KV 2 may indicate that the alluvial fan recognized in the former extended to the shore of the Paleo-Lake Van where its deposits were reworked to form the beach deposits of the latter. The coarseness, poor sorting and granular matrix of the red conglomerate on top may suggest high water discharge, sediment supply and rapid deposition in the depositional area. The red color, erosional base and unfossiliferous nature of the conglomerate may indicate that this depositional area was a braided river. (GPS-016, lat: 38.6732°, lon: 43.3113°, elev: 1712 masl) Description: This section is a more than 10 mthick sedimentary succession with horizontally-and steeply inclined-bedded units towards SE (Figure 10 ). The inclined-bedded unit is composed mainly of conglomerate and sandstone, dipping at 35-40 toward the east. Bed contacts are commonly sharp and their thickness avarages 30 cm with a range of 20-80 cm. Conglomerate is gray, clast-supported, moderately-to well-sorted and seems common in the lower parts of the unit. Sandstone is yellowish gray and thinlylaminated in part with wavy bedding.
Section-KV 3
The horizontally-bedded unit overlies the inclined-bedded unit with a sharp and planar contact.
However, in places, pinch-outs between these units are also observed. The horizontally-bedded units start at the base with 40 cm of gray conglomerate and continue upward with yellowish gray sandstone. The conglomerate is clast-supported and moderatelysorted with subangular to rounded gravels, showing no channel structures. The overlying sandstone is fine-to medium-grained, thinly-laminated with common wavy and lenticular bedding. It also shows in places some soft sediment deformational structures, such as sedimentary dikes ( Figure 11 ).
Age of terraces at Yumrutepe: OSL dating of quartz in the green sandstone unit in the upper part of section KV 2 at around 1735 masl provided an age of 15±1 ka BP (n=25) ( Figure 9 , Table 1 ). The other less reliable OSL ages from the same unit are 10±1 ka BP (n=9) and 20±1 ka BP (n=9). The poorly cemented, fine-to medium-grained, laminated yellow sandstone unit with horizontal beds above topset beds in Section-KV 3 at Yumrutepe at 1712 masl has an OSL age of 12±1.4 ka BP ( Figure 11 , Table 1 ).
Our OSL ages are considerably younger than radiocarbon ages of Kuzucuo¤lu et al. (2010) for the Bull. Min. Res. Exp. (2015) same terrace sequences. These authors obtained a radiocarbon age greater than 34 ka BP from shells of Dreissena sp. around a 1735 masl in the Section KV 2 . They concluded that this terrace (their C1'' transgressive series), located at 1730-1735 masl, formed sometime between100 ka BP and 34 ka BP. Located at ~1700 masl in the Yumrutepe locality, Kuzucuo¤lu et al. (2010) defined yet another older transgressive fan delta series (C1') with its bottom set having an age older than 105 ka BP. This age is inferred from the age of Kotum ignimbrite that blocked the Kotum Valley (outlet of the Lake PaleoVan) and resulted in a high lake level during, the Marine Isotope Stage-5 (MIS-5).
Interpretation: The section represents a Gilberttype delta. The horizontally-bedded unit forms the topset, whereas the steeply-bedded unit forms the foreset deposits of the delta. The foreset deposits probably accumulated in response to bedload deposition and grain avalanching on a steep slope (Allen, 1984; Dunne and Hempton, 1984) . The dike structures in the topset beds may indicate that porewater pressure temporarily exceeded the lithostatic pressure in these sediments, leading to liquefaction. This condition was probably caused by a seismotectonic event, such as an earthquake shock.
Stratigraphic Section in the Munisinbahçe Locality
This section is located at the eastern coast of the Lake Van in the Munisinbahçe locality, 2 km west of the Village Mollakas›m (Figure 1) .
3.5.1. Section-MB 1 (GPS-046, lat: 38.6741°, lon: 43.1681°, elev: 1684 Description: This is about 6 m-thick succession of coarse clastic sediments, consisting of conglomerate, pebbly granulestone, pebbly sandstone and sandstone ( Figure 12 ). Pebbly granulestone forms, at the base of the section, a light gray, 1m-thick, moderately to well-sorted and sub-rounded to rounded unit. This unit displays both a normal gradation (an upward grain size decrease) and a faint, NNW-dipping lowangle planar cross-bedding. The cross-bedding is highlighted by a foreset-parallel alignment of the small pebbles (Figure 12 ). The granulestone is overlain with a sharp and planar contact by a greenish gray and horizontally-stratified conglomerate. Normal grading is also apparent in this facies. Moderately-to well-sorted and well-rounded small pebbles (≤4 cm) grade upward into coarse sand. The thickness of the conglomerate slightly varies along the section; it is 1.0 m in the east and thins toward the west. This conglomerate passes upward across a sharp and planar surface into a 60 cm of moderatelysorted, rounded and clast-supported conglomerate with an overall lenticular geometry. In contrast with the underlying conglomerate, this unit shows reverse grading; i.e. finer clasts occur at the base and the relatively coarser clasts at the top. A 50 cm-thick pebbly coarse sandstone sits on this conglomerate above a sharp and probably erosional contact. This sandstone exhibits well-developed very fine horizontal stratification with the larger grains with their long axis parallel to the bedding surface. This well-bedded sandstone is succeeded by a 1.5 m-thick conglomerate that forms a mainly clast-supported, Bull. Min. Res. Exp. (2015) 151: 1-46
Figure 12-Section-MB 1 (GPS-046). This 6 m-thick succession consists of conglomerate, pebbly granulestone, pebbly sandstone and sandstone. Note the SSE-dipping cross-bedding in the top red conglomerate unit, which contrasts with the NNW-dipping cross-stratifications of the light gray conglomerate unit in the lower part. See figure 1 for location.
moderately-to poorly-sorted and generally wellrounded pebble (≤ 5 cm) assemblage. The base of the conglomerate body is sharp and probably erosive with a tabular surface. The upper boundary is gradational with an irregular and convex-up surface marking a transition into a 50 to 60 cm of light gray sandstone. This sandstone shows NNW-dipping planar cross-bedding and wedging out in the dip direction. Above this unit is 40-cm thick, red and pebbly coarse sandstone to granulstone with a sharp and erosional tabular base. It passes upward in turn into a 1 m-thick red conglomerate across a sharp and erosional surface. This red conglomerate is generally without grading, clast-supported and composed of a pebble and occasional cobble assemblage, showing a rather variable degree of sorting. It displays relatively a large-scale cross-bedding, usually only possible to identify from some distance. The inclined foreset strata are tabular and are composed of moderate-to well-sorted and mainly well rounded small pebbles. The cross-bedding in this red unit has SSE-dipping, contrasting with the NNW-dipping crossstratifications of the lower light gray to greenish gray conglomerate ( Figure 12 ).
Interpretation: The horizontal stratification in most of the light gray to greenish gray conglomerate beds of the Section-MB 1 reflects varying discharge and discontinuous accretion during deposition. The coarseness and the clast-supported texture suggest high water discharge and sediment concentrations in the depositional flows. Tractive transport and reworking (or recycling) are reflected by the abundance of the rounded clasts. Occurrence of the planar cross-beddings in the sandstone beds within these conglomerates indicates that turbulent flows were also important in their deposition. The NNWdipping of these cross-beddings in the lower part suggests a southwesterly sediment transport direction. From the light of all these evidence the light gray to greenish gray conglomerates and the associated sandstones are interpreted to represent accretion and migration of channel bars in a braided stream or an alluvial fan environment (Rust, 1972; Bull, 1972; Nemec and Steel, 1984) .
The red clastics in the upper part of the section probably represent a different episode of a braided river or alluvial fan deposition as suggested by their colour, erosional base and the cross-bedding with a dip opposite to that of the lower unit. The SSEdipping planar cross-bedding in the red conglomerate indicates a northwesterly sediment transport direction during its deposition. The change of sediment source area may indicate a topographic differentiation in the region as a response to local tectonism.
Section studied in Mollakas›m Village in the Bo¤az Dere Valley
This section was studied on the western margin of the Bo¤az Dere Valley, 700 m SE of the Mollakas›m Village (Figure 1 ).
3.6.1. Section-BD 1 (GPS-045, lat: 38.6722°, lon: 43.1952°, elev: 1733 Description: This section is represented mainly by 10 m of light gray sandstone with variable sedimentary textures and structures throughout the section. Generally light gray, medium-to coarsegrained, well-sorted and rounded sandstone predominates with minor amounts of yellowish gray granulestone and conglomerate. The sandstone contains low-angle plane bedding, sub-horizontal plane lamination, ripple cross-lamination, bidirectional (N-and S-dipping) planar cross-bedding and trough cross-bedding ( Figures. 13 and 14) . The granulestone and very fine-grained conglomerates contain large amount of lithic carbonate grains and occur either in continuous beds (15 to 40 cm thick) in trough cross-beds or in small channels (Figure 14 ). When they form continuous beds, they have sharp upper and lower contacts and show in places normal or reverse grading.
Interpretation: The complex sequence of multidirectional sedimentary structures and variable sediment textures of the deposits in the Section-BD 1 suggest that these deposits probably accumulated in complex hydraulic conditions, such as the shoreface part of a beach environment. The trough cross-bedded facies were probably deposited in the surf zone by multidirectional current flow, whereas the bidirectional planar cross-bedded sediments were laid down in the upper shoreface by strong longshore currents. The coarser-grained deposits with graded bedding may have been resulted from stormgenerated turbidity currents. The presence of smallscale channels and sharp truncation surfaces between the laminated bed sets indicate that high amplitude waves were periodically scouring the bottom of the depositional environment. The absence of large pebbles and cobbles in this beach may suggest that this area of the Lake Paleo-Van was either beyond the reach of the coarse clastics or such sediments were not available in this area and its close vicinity. 3.7.1. Section-HD 1 (GPS-047, lat: 38.7034°, lon: 43.1960°, elev: 1656 Description: This section is exposed in a ~15 m high coastal cliff located 1.3 km west of the Village A¤art› (Figure 1 ). It is represented by a gray conglomerate alternating with brown sandstone toward the top of the section. The conglomerate forms two thick intervals (5 and 4 m, respectively) in the lower half of the section and is composed of wellrounded, moderately-to poorly-sorted polygenic clasts with a grain-supported texture. Although its clasts range in size from 1 to10 cm, the average clast size is about 3 to 5 cm. The conglomerate is massive and disorganized without any internal structures. However, a bed-parallel alignment of relatively coarser clasts is seen along its contact with the each brown sandstone interbeds. The brown sandstone dominates the upper half of the section and is characterized by well-developed horizontal lamination and banded texture. Bands probably consist of couplets formed by materials of different color, size and composition. The section is ended with a matrix-supported and fine-grained conglomerate unconformably overlying the lithologies descibed.
Interpretation: On the basis of its ungraded nature, lack of internal structure, disorganized fabric and clast-supported texture, the gray conglomerate may be interpreted as debris flows deposited rapidly by high concentration and viscosity flows (Johnson, 1970; Lowe, 1979 and Gloppen and Steel, 1981; Nemec and Steel, 1984) . Its interbedded occurrence with the brown sandstone may indicate that the depositional site was a nearshore lake environment of the Paleo-Van as discussed below.
The fine lamination and varve-like banding in the brown sandstone may be suggestive criteria of lacustrine sedimentation. However, the alternation of this unit with the coarse gray conglomerate facies indicates that the depositional environment was intermittently high energy one, probably a transitional environment between the offshore and the shoreline, rather than a deep-water environment. The occurrence of the sand-sized material nearly exclusively in shoreline or nearshore settings of the modern lakes may support this interpretation (Sly, 1978; Picard and High, 1981) . The coarse and fine clastic materials of the gray conglomerate and the brown sandstone were perhaps contributed by a river inflow or an alluvial fan into the lake where they were handled and reworked by shoreline processes and finally deposited as debris-and sheet-flow sediments. The alternation of the gray conglomerate and the brown sandstone may suggest either a series of changes in lake-level or a periodic increase in sediment contribution throughout their deposition.
Stratigraphic Section Studied Around the De¤irmentafl Dere Valley
This section is measured on the coast of the lake Van, 500 m west of the De¤irmentafl Dere valley (Figure 1) .
3.8.1. Section-DT 1 (GPS-017, lat: 38.8662°, lon: 43.4640°, elev: 1675 masl) Description: This section represents 5 m of lacustrine sediments, comprising a 2 m-thick yellowish gray sandstone unit sandwiched between two 1.5 m-thick gray conglomerate units (Figure 15 ). The conglomerates are generally poorly-sorted and composed of pebbles and occasionally cobbles and boulders. Each conglomerate unit displays a rather disorganized fabric. However an overall vertical corsening in clast size and a faint bed-parallel clast orientation are observed. The contacts of the conglomerate units with the sandstone unit appear to be sharp and nonerosional.
The yellowish gray sandstone is a fine-grained, well-laminated, banded and occasionally rippled facies, displaying an intra-formational angular unconformity along the whole length of the outcrop. The surface of the unconformity is sharp, tabular and shows no sign of erosion. With the horizontal and inclined beds above and below, it looks like a largescale, low-angle planar cross-stratification.
Interpretation: The sediments of this section show stratigraphic and sedimentological resemblances to the sediments of the Section-HD 1 around the Hasan Dere Valley. Therefore, they may have been deposited under similar depositional conditions. The yellowish gray sandstone and gray conglomerate probably accumulated also as debris-and sheet-flow sediments in a nearshore lacustrine environment, forming a transitional zone between the offshore and 21 shoreline environments of the Paleo-Van. The intraformational angular unconformity within the yellowish gray sandstone was perhaps cut by a slide (or channel erosion?) and rapidly filled by a prograding unit, leading to the large-scale horizontal to cross-stratified deposits observed.
3.9. Stratigraphic Section Measured Around the Village Çak›rbey 3.9.1. Section-CB 1 (GPS-18, lat: 38.9219°, lon: 43.6089°, elev: 1676 masl) Description: This section is located at the coast of the Lake Van, 2.6 km northeast of the Village Çak›rbey (Figure 1) . It is represented mainly by 20 mthick, gravelly granulestone to coarse sandstone deposits, dipping steeply toward the west, i.e. toward the Lake Van (Figure 16 ). These sediments form two distinct sequences separated by a sharp erosional surface. The lower sequence consists mainly of 10 to 50 cm-thick and well-developed gravelly coarse sandstone beds with a dip of 40°. These beds are separated in places by conglomerate channels or interbeds. Conglomerate channels are up to 40 cmthick and appear to be common in the upper slope of the dipping beds. The conglomerate interbeds are poorly-to moderately-sorted and usually clastsupported but have in places a considerable amount of sand matrix. Clasts are dominantly well-rounded to subangular and range from cobbles to small pebbles, with most averaging 2.5-3 cm in diameter. Clasts, particularly the larger and platy ones, seem to be imbricated parallel to the bedding.
The upper sequence starts at the base with a 3 mthick, poorly-sorted and matrix-supported conglomerate and continues upward with a gravelly granulestone to coarse sandstone facies, similar to that of the lower sequence. The basal conglomerate has a sharp and erosional base and pinches out in the up-slope direction. In conformity with this pinching, the stratification in the upper sequence as a whole shows a marked down-slope divergence of bedding. The upper sequence beds have a dip angle smaller than that of the lower sequence, which results in the whole section appearing to be a large-scale single planar cross-bedding (Figure 16 
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the Section-CB 1 indicate that they were deposited as foreset beds on the slope of a Gilbert-type fan delta developed in the Paleo-Van. The conglomerates were transported here probably by sediment gravity flows, including grain flows, debris flows or density currents. The erosional surface between the lower and the upper sequences was perhaps generated in the delta slope by a gravity-induced slump or a slide. This surface was than rapidly filled with the sediments of the prograding upper sequence units (Lewis, 1980; Lowe, 1982; Nemec and Steele, 1985; Todd, 1989; Nemec, 1990; Dorsey et al., 1995; Falk and Dorsey, 1998; Sohn, 2000; Bassett, 2003, 2007) .
Stratigraphic Section in the Ala Çay Valley
Two stratigraphic sections were measured in the Ala Çay Valley, around the Village Muradiye; one is located 870 m NW and the other one is situated 1475 m SW of the village (Figure 1) .
3.10.1.Section-AC 1 (GPS-019, lat: 38.9987°, lon: 43.7593°, elev: 1706 masl) Description: The section comprises 3.5 m of soft, friable, laminated and rippled sandstones without conglomerate. At the base, it consists of 40 cm-thick, beige to light brown and thinly-bedded to laminated coarse sandstone passing upward, through a 15 cm of rippled sandstone, into 80 cm-thick interbeded finegrained and laminated sandstone and mudstone. Above this sandstone is a fine-grained sandstone of 80 cm thickness with common well-developed lamination and micro-cross-lamination. Then the section continues with a 70 cm of relatively darker brown cyclic deposit. This deposit is characterized by alternating 6-to 8-cm-thick layers of laminated fine sandstone and carbonate. The section ends up with 60 cm-thick sandstone with no discernable internal structure.
Interpretation: An offshore lacustrine origin for these sediments is interpreted primarily from stratigraphic, lithologic and structural considerations. Their thin-stratification, varve-like bedding, lamination, ripple-stratification, fine-grain size and the absence of pebbles may indicate deposition in the offshore lake environment of the Paleo-Van, because such depositional structures are common in central lake deposits (Picard and High, 1972) . -20, lat: 38.9897°, lon: 43.7467°, elev: 1681 masl) Description: This section consists mainly of 4.5 m-thick interbedded sandstone, clayey sandstone and mudstone (Figure 17) . The sandstone is generally beige to light brown and medium-to coarse-grained and forms mostly horizontal beds of 20 cm thickness. It also displays ripple structures towards the upper part of the section. The clayey sandstone is brown in color and shows a horizontal stratification with beds ranging in thickness from 15 cm to 50 cm. The mudstone is brown, laminated and contains in part thin and light-colored carbonate bands.
Section-AC 2 (GPS
Interpretation: The Section-AC 2 is about 1420 m away from the Section-AC 1 to which it displays lithological similarities. The sediments exposed in the Section-AC 2 were also deposited in the offshore lake environment of the Paleo-Lake Van. The existence of appreciable amounts of mudstone in this section may further indicate that their depositional site was deeper than that of the Section AC 1 . -021-022-023, lat: 38.9563°, lon: 43.6444°, elev: 1690 masl) Description: This section is represented by a 4 mthick sedimentary sequence with a flat-lying upper and inclined lower units (Figures 18 and 19) . The contact between them is a sharp and erosive planar surface. The upper unit consists mainly of interbedded sandstone and conglomerate beds. Sand beds are 15 to 40 cm-thick, beige to yellowish brown, medium to coarse-grained, and moderately-to wellsorted with rare random pebbles scattered throughout the beds at the base of the section. Conglomerate beds are approximately 30 cm-thick, locally cross-bedded, well-sorted and mainly clast-supported with subrounded to rounded clasts. These sediments include well-preserved fresh water gastropods and mammalian bone fragments. The former is found in the sandstone beds, whereas the latter in the conglomerate beds.
Stratigraphic Section Measured Around the Karahan Village
Section-KAR 1 (GPS
The inclined lower unit is characterized mainly by 20 to 30 cm-thick and well-developed planar beds of gray granulestone to coarse sandstone, dipping at 30°-35° toward the SW, i.e. toward the Lake Van. These beds are often iron-stained and contain very small pebbles concentrated mostly on the bedding planes ( Figure 19 ).
Interpretation: The facies associations described in this section indicate a Gilbert-type fan delta environment. The flat-lying sediments probably form subaerial to shallow-marine topset sediments. The presence of the mammalian bone fragments in the conglomerate and the well-preserved gastropods in the sandstone may be cited as evidence for this interpretation. The textural properties and sedimentary structures of the conglomerate may indicate that they were deposited by a braided river and perhaps reworked later by wave processes. The underlying inclined sediments perhaps developed as the foreset beds of the delta as a result of a grain-flow process (Nemec, 1990; Nichols, 2009 ). The stratigraphic relation of the flat-lying and the inclined sediments suggest that the delta was prograding into the lake as a result of either a drop in lake-level or an increase in the rate of sediment supply.
Age of the Karahan Village Terrace deposits:
The Gilbert fan delta sequence was dated to be between 25.7 and 24.9 ka BP in the area (in K›rklar) by Kuzucuo¤lu et al. (2010) , using radiocarbon analysis of organic matter (Table 1 ). The level of this dated terrace is 1693 m, about 45 m above the present lake level.
Stratigraphic Section Measured in the Deliçay Valley
Section-DV 1 (GPS-24-25, lat: 39.0095°, lon: 43.4467°, elev: 1678 masl)
Description: The section displays throughout its 5 m thickness a yellowish brown, very finely-bedded to laminated very fine-to fine-grained sandstone in part with common symmetrical wave-ripple crosslamination (Figure 20 ). In the lower part of the section, the sandstone is interbedded with white siltstone beds (10 cm), rich in microcrystalline carbonate. In the upper part of the section, there is a syndepositional deformation zone marked by convoluted and deformed sandstone laminations, varying in thickness from 30 cm to 90 cm.
Interpretation: The association of the following characteristics indicates that these sediments were deposited in the offshore of the Lake Paleo-Van: very fine bedding, lamination, fine texture, symmetrical wave-ripple cross-lamination, convolute-bedding and deformed laminations. Very fine bedding, lamination and fine grain size may suggest accumulation in a quiet standing water, below the wave-base. The common symmetrical wave-ripple cross-lamination may indicate that oscillatory flows existed in the environment. The convoluted and disturbed sandstone layers probably originated from softsediment deformation that may have been induced by seismic liquefaction and/or fluidization (Seilacher, 1969; Moretti et al., 2002) . -026, lat: 39.0139°, lon: 43.4383°, elev: 1705 masl) Description: This section is represented by ca. 5 m-thick yellow to yellowish brown very fine-grained to fine-grained sandstone with rare brown mudstone interbeds. Bed thickness is variable, ranging from 10 to 20 cm. Bed contacts are sharp. The beds display internal horizontal lamination, wavy lamination and micro cross-lamination. The sandstone displays in various levels, some soft-sediment deformational structures. Individual horizons are 25-30 cm-thick and laterally continuous for tens of metres. They are overlain and underlain by undeformed horizontal beds. The deformational structures in these flat-lying beds mostly include overturned folds (Figure 21 ).
Section-DV 2 (GPS
Interpretation: This section probably represents the offshore lacustrine environment of the Paleo-Van. These sediments were deposited from suspension of fine-grained sediments with minor bedload influence. The occurrence of the soft-sediment deformational structures may be attributed to liquefaction and fludization induced by earthquake shock in the seismically active Lake Paleo-Van Basin.
Stratigraphic Section Measured in the Zilan
Valley 3.13.1. Section-ZV 1 (GPS-028, lat: 39.0135°, lon: 43.3124°, elev: 1667 masl) Description: This section represents a sedimentary succession, comprising 15 m thick mudstone in the lower and 10 m thick sandstone in the upper part. The mudstone is mainly dark greenish gray in color and displays well-developed horizontal lamination formed from greenish gray and brown siltor claystone laminae.
The sandstone overlies the mudstone with a sharp and erosional contact. It is beige to brown, thinly-to medium-bedded, locally rippled and medium-to coarse-grained with some large-scale lenticular crossbedding, dipping to the S.
Interpretation: The laminated mudstone indicates deposition in a low energy subaqueous depositional environment. It was perhaps deposited rhythmically from suspension due to absence of wave activity. It accumulated most probably in the relatively deep offshore environment of the Paleo-Van. Stratigraphic and sedimentological features of the sandstone may suggest that it was perhaps a distal distributary mouth bar formed near the lakeward limit of a deltaic distributary channel. The large-scale lenticular beddings in this facies may be interpreted as channelizing and scouring events. The progradation of the delta across the lake-floor of the Paleo-Van resulted probably in this coarsening-up section. -29-30, lat: 39.0253°, lon: 43.3111°, elev: 1694 masl) Description: The section starts at the base with gray, thinly-bedded to laminated, coarse-to mediumgrained and well-sorted sandstone and pebbly sandstone with a primary dipping of 30°to 40°t oward the east (Figure 22 ). These sandstones are about 8 m-thick and pass upward abruptly into 3 mthick, horizontally-bedded to laminated gray to brown sandstone, including thin (10-15 cm) interbeds of fine conglomerate. However, towards the top of the section, the thickness of the conglomerate beds increases (up to 60 cm). Both the inclined and the horizontal sandstone and conglomerate beds are cut by a large-scale slide or a channel filled with largescale horizontal to cross-stratified gray sandstone, displaying internal lamination (Figure 22) . The slide or channel deposits are also overlain by the horizontal beds.
Section-ZV 2 (GPS
Interpretation: This section is a typical succession of a Gilbert-type delta. The inclined sandstones represent foreset beds, whereas the horizontally layered sandstone and interbedded conglomerate may characterize the topset beds. The presence of largescale channel or slide deposits toward the top of this section suggests that subaqueous slumping and downslope mass movement of sediments were taking place in the delta front environment. The slide surface appears to have been filled by the prograding deltaic sediments.
3.14. Stratigraphic Section Measured in the western part of the Kafl Burnu 3.14.1. Section-KB 1 (GPS-031, lat: 38.9710°, lon: 43.2719°, elev: 1727 Description: This section is of 7 m thick, consisting of pumice and sandstones (Figure 23 ). Pumice is seen in the lower part of the section and is characterized by highly vesicular texture without any apparent phenocrysts. It displays alternating white and dark gray laminae and bands. This 2 m-thick pumice is overlain conformably by 5 m-thick, light brown to beige and coarse-grained sandstone, passing upward into relatively finer-grained sandstone.
Interpretation: The finely banded and laminated texture of the pumice and the conformably overlying sandstones may indicate that they accumulated perhaps in a low-energy subaqueaous lake environment of the Paleo-Van. This major pumice deposit may probably correspond to the Nemrut Formation dated between 33.7 and 28.6 ka BP by Sumita and Schmincke et al. (2013a, b) .
Stratigraphic Section Measured in the Kumlu
Dere Valley
This section is located at the coast of the Lake Van, 500 m west of the Kumlu Dere Valley.
3.15.1. Section-KD 1 (GPS-032, lat: 38.9442°, lon: 43.1628°, elev: 1667 Description: This 15 m-thick section displays an intricately intermingled white to beige conglomerate and sandstone that are cut in places by low-angle erosional surfaces. The conglomerate is clastsupported with coarse, well-rounded and poorlysorted clasts derived probably from a single source, namely the Adilcevaz Limestone forming the basement rock in the area. The sandstone is fine-to medium-grained and thinly-bedded to laminated. It forms a number of levels in the section either interfingering or alternating with the conglomerate with various thicknesses.
Interpretation: The poorly-sorted but clastsupported texture of the conglomerate with relatively well-rounded pebbles and boulders indicate that this sediment was deposited by currents of high water discharge and sediment concentration. The wellrounded clasts suggest that the transportation in these currents was mainly in traction mode. Thin bedding and lamination of the sandstone may indicate a relatively low energy depositional environment for this fine clastic rock. This environment seems to be a distal part of an alluvial fan extending into the lake. However, their complex contact relation suggests that both lithological units were deposited in an area adjacent to a steep relief from where streams flowed down the steep slopes, transporting the coarse conglomerate onto an alluvial fan that prograde into the Lake Paleo-Van. (GPS-034, lat: 38.7911°, lon: 42.7881°, elev: 1676 masl) Description: The section is located on the coast of the lake, 2 km east of the Çay›r Mahallesi. It commences with 2 m of gray pumice, passing upward, through a 40 cm-thick brown mudstone, into a 4 m-thick white travertine. In the mudstone, a faint lamination is observable. The travertine is coarsely crystalline limestone displaying abundant cavities of various sizes.
Interpretation: This gray pumice originated by eruption of most probably the Nemrut Volcano and deposited as airfall deposit in the Paleo-Lake Van. Deposition of this tephra unit was followed by the laminated brown mudstone. The travertine may have formed around a spring at the lake margin.
Stratigraphic Section Measured in the Easten
Margin of the Kara Dere Valley 3.17.1. Section-KRD 1 (GPS-027, lat: 38.8055°, lon: 42.7571°, elev: 1697 masl) Description: This section is about 20 m-thick, comprising in its lower half gray pebbly sandstone, showing very fine horizontal bedding and lamination (Figure 24 ). The pebbles are commonly small and rounded. Toward the top of the section, the gray pebbly sandstone starts to alternate with brown sandstone that dominates the upper half of the sequence together with interbedded light-gray, wellrounded pebble and cobble conglomerate and pebbly sandstone. The brown sandstone is hard, waverippled and forms protruding horizontal beds with sharp boundaries. Wave ripple-marks commonly occur in this sediment. The interbedded conglomerate and pebbly sandstone occur as continuous and discontinuous units of 0.1 m to 1.5 m thick with horizontal and planar cross-bedding. The dip of crossbeds is towards SSW. The sequence often displays in its various levels several large-scale erosional surfaces marked by iron oxide staining.
Interpretation: These sediments probably belonged to a nearshore setting of the Paleo-Van. Sheet flow currents, operating in the shoreface to nearshore environments, perhaps deposited the gray, horizontally layered pebbly sandstone and conglomerate. The brown sandstone was probably deposited in relatively in the deeper waters of the lake as indicated by its texture, lamination and wave ripples. The large-scale erosional surfaces or scars were perhaps made by slides and slumps caused by high sedimentation loading or storm. (GPS-044, lat: 38.7981°, lon: 42.715°1, elev: 1683 masl) Description: This section consists of 2 m thick sandstone in its lower and 3 m thick conglomerate in its upper part (Figure 25 ). The contact between these lithological units is sharp and planar. The sandstone is gray and medium-grained with thin horizontal bedding and lamination. These sedimentary structures are well-marked by their colours, displaying different shades of gray. The overlying conglomerate is brownish red in colour and show horizontal bedding. It consists of poorly to moderately sorted pebbles and local cobbles. Individual conglomerate beds mostly display a disorganized fabric, although some of them locally show bedding plane-parallel clast orientation.
Interpretation: The gray sandstone, with its thin horizontal bedding and lamination, may represent the relatively deep part of Paleo-Lake Van. The unconformably overlaying conglomerate may be interpreted as indicative of fluvial deposition. This conglomerate is certainly a product of a powerful stream. Its poor to moderate sorting lack of fossils and sheet-like or tabular beds with sharp, planar and non-erosional base support this interpretation. It probably represents accretion and migration of longitudinal bars of a braided stream (Rust, 1972) , flowing into the lake.
Stratigraphic Sections Measured Around the Ziyaret Dere Valley
Two sections were measured in this area. First one (ZD 1 ) is 1 km to the east of the valley, whereas the second one (ZD 2 ) is 500 m to the west of the walley. (GPS-042, lat: 38.7846°, lon: 42.6814°, elev: 1673 masl) Description: The section is characterized by a 20 m-thick succession of conglomerates and sandstones; the former predominate over the latter. Conglomerates occur in both the lower and the upper parts of the succession. The lower conglomerate is more than 10 m-thick, massive to poorly-bedded, generally poorly-sorted and devoid of fossils ( Figure  26 ). It is clast-supported and does not display any noticeable sedimentary structures. Its clasts are angular to subrounded and dominantly in pebble size.
Section-ZD 1
In the SE end of the section, it passes upward across a sharp and planar contact into 3.5 m-thick, gray, fine-to medium-grained and thinly-bedded to laminated sandstone (Figure 26 ). Toward the NE end of the section, this sandstone changes in colour to brown with similar lithological features. The brown sandstone forms here a large-scale channel structure ( Figure 27 ). It is then succeeded by a conglomerate unit, forming the upper part of the section. This upper conglomerate is 3 m-thick, comperatively finergrained and matrix-supported with inclined primary strata terminating on the horizontal beds of the brown sandstone, thus forming a downlap contact with this unit (Figure 27 ).
Interpretation: The lower conglomerate was probably deposited in an alluvial fan environment. Poor sorting, clast shapes and absence of fossil and bedding are all features of such depositional environment. The finely-bedded to laminated brown and gray sandstones probably represent the bottomset beds of a fan delta. The foreset beds are represented by the upper conglomerate, which were built out over the brown sandstone as the delta prograded. The deposition of the upper conglomerate perhaps occurred by debris flows as suggested by its poorlysorted gravel in a sandy matrix (Namec, 1990) . The sharp contact between the lower conglomerate and the overlying sediment is a disconformity, indicating that the delta setting developed over the alluvial fan when the lake level rose and lake waters inundated the marginal areas of the basin where alluvial fans were forming. -043, lat: 38.7885°, lon: 42.6724°, elev: 1666 masl) Description: The section is composed mainly of 3.5 m-thick brown sandstone in the lower half and about 1.5 m-thick yellow and clayey sandstone in the upper half of the section. The brown sandstone is generally fine-grained and silty in part, containing thin (less than 15 cm) interbeds of conglomerate and coarse sandstone. It is characterized by welldeveloped horizontal laminae. The upper yellow sandstone conformably overlies the brown sandstone and displays striking syndepositional deformational structures, such as convolute lamination and flame structures.
Section-ZD 2 (GPS
Interpretation: The well-laminated brown sandstone facies may have accumulated on the lakefloor environment of the Paleo-Lake Van, not far away from the shoreline. The presence of conglomerate and coarse sandstone interbeds between this sandstone may indicate that this part of the lake was occasionally being fed by currents carrying coarse sediments from the shoreline. The yellow sandstone was also offshore lake sediment, which was most probably disturbed and deformed by seismic shaking.
Stratigraphic sections measured in the Kumlu
Dere Valley at So¤anl› Village 3.20.1. Section-KDS 1 (GPS-040-41, lat: 38.7931°, lon: 42.6120°, elev: 1693 masl) Description: This section is very similar to the Section-ZD 2 both in composition and stratigraphy. Its lower part consists of about 20 m of brown and coarse sandstone, in part with conglomerate and pebbly sandstone. The sandstone shows well-developed and laterally continuous lamination. It is overlain by 3 mthick brownish sandstone, showing a large-scale convolute-bedding (Figure 28 ).
Interpretation: As stated in the interpretation of the previous section ZD 2 , the laminated brown sandstone accumulated in the low-energy environment of the Paleo-Lake Van-floor and was severely deformed probably by seismic waves.
Stratigraphic Section Measured Around Ceviz
Dere Valley 3.21.1. Section-CZ 1 (GPS-039, lat: 38.7724°, lon: 42.5861°, elev: 1663 m) Description: This section was studied on the shoreline of the Lake Van, 150 m west of the Ceviz Dere. It is a 4 m-thick section, commencing with planar cross-bedded coarse sandstone overlain by a thin conglomerate bed. Above comes 2.5 m-thick, horizontally-bedded and dominantly brown mudstone to muddy sandstone, passing upward into coarse and pebbly sandstone.
Interpretation: The facies association of this section indicates that these sediments probably accumulated in the nearshore environment of the Paleo-Lake Van. The cross-bedded sandstone and the overlyin conglomerate probably represent the foreshore to shoreface environments of a beach along the lake. The overlying brown mudstone and muddy sandstone were deposited nearshore environment during a rise in the water level of oscillating Lake Van.
Stratigraphic Section Measured Around Karmuç Çay› Valley
3.22.1. Section-KC 1 (GPS-038, lat: 38.7122°, lon: 42.4242°, elev: 1660 masl) Description: This section is measured near the shore of the Lake Van, 850 m west of the Karmuç Valley. It is of 17 m thick and characterized by yellowish gray sandstone, including interbeds of conglomerate in various levels. The sandstone is finegrained, horizontally-laminated and wave-rippled in part with low-angle large-scale cross-stratification. It forms a thick and distinct unit in the upper part of the section. The interbedded conglomerates are planar cross-stratified, with well-rounded pebble size grains and commonly erosional basis.
Interpretation: These sediments were probably deposited in the nearshore environment, forming a transitional zone between the offshore and the shoreline of the Paleo-Lake Van. Their low-angle cross-stratification and wave ripple-marks suggest wave-agitation in this environment. The cross-bedded conglomerates with erosional basis may indicate coarse-grained sediment influx by various currents from the shoreline. The thick occurrence of the laminated sandstone towards the top of the section suggest deepening of the lake.
Stratigraphic Section Measured in the Kotum
Dere Valley 3.23.1. Section-KOD 1 (GPS-035, lat: 38.4757°, lon: 42.3091°, elev: 1656 masl) Description: The section is made up of 8 m-thick, yellow and thinly-bedded to laminated travertine in its lower part and a succession of yellowish gray siliciclastic sediments in its upper part. The contact between these two facies associations is sharp and marked by a thin (15 cm) basal conglomerate. The siliciclastic sediments are characterized by finelybedded to laminated and locally cross-bedded sandstone in part with conglomerate interbeds ( Figure  29) . The cross-beds dip to the NE, i.e. toward the modern Lake Van.
Interpretation: The travertine constitutes the stratigraphic basement in the area. The laterally continuous layering and lamination of this unit may indicate that it formed in the littoral environment of the paleo-lake where the subaqueous vegetation favoured the precipitation of the travertine. Regional considerations and sedimentary structures of the upper clastic succession suggest a nearshore lake environment for these sediments. -037, lat: 38.4721°, lon: 42.3095°, elev: 1670 masl) Description: The section comprises various sandstone facies, sitting on a travertine above a disconformity. The sandstone at the base is 1.5 mthick, silty and fine-grained. It is followed upwards by a 1 m-thick polygenic conglomerate with an erosional base. The conglomerate forms a lensoidal horizon, parallel to the bedding above and below. It is overlain by 3.5 m thick brown and medium-bedded to laminated sandstone, with local slump structures or convolute beddings sandwiched between horizontally-bedded to laminated sediments ( Figure  30 ). Large-scale slide surfaces are also seen in the section.
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Interpretation: Facies characteristics and their comparison with the similar facies of the sections described elsewhere around the Lake Van suggest that these sandstones and the associated conglomerate accumulated in a nearshore lake environment of the Paleo-Van. Horizontal thin bedding, lamination and convolute bedding within the sandstone all support this interpretation. The conglomerate was perhaps transported into the lake by traction currents from the shore. The large-scale sliding surfaces indicate rapidly prograding sediments on an unstable slope.
Age of Kotum Vallley terraces:
The travertine underlying the terraces in the Kotum Valley have been dated at 102 ka BP by Kuzucuo¤lu et al. (2010) , using 230 Th/ 234 U method (Table 1) , Elsewhere in the Kotum Valley the terraces are underlain by 4 m thick pumice fall, in which feldspars yielded an age of 117±5.2 ka BP, using 39 Ar/ 40 Ar method (Table 1) . Therefore, the two terrace sections described in the lower Kotum Valley in this study are younger than about 100 ka BP. According to Kuzucuo¤lu et al. (2010) , these terraces reach levels of 1730-1735 masl (ca. 85 m above the present lake level).
Discussion
Reconstruction of Depositional Environments:
Tectono-Stratigraphic Evolution of the Lake Van Basin
Before reconstructing the interpreted depositonal environments and their paleogeographic distribution in the Lake Van Basin, we list the features common to all the studied terrace sections below:
Sections are commonly thin, ranging in thickness between 3 and 25 m. Relatively thick sections (i.e. more than 15 m) are found in the valleys situated to the north and west of Lake Van. They are generally regressive in nature, showing upward shallowing and coarsening sequences.
The sections do not show a distinct large-scale cyclicity characterized by packages of alternating well-developed upward-fining and -coarsening sequences separated by erosional contacts. Instead, relatively small-scale lateral and vertical facies changes or interfingerings are observed in the marginal lake sediments.
Terrace sediments consist predominantly of terrigenous clastic material with limited lithological diversity. Sandstone and conglomerate are the predominant lithologies throughout the sections. Distinct carbonate units exist as travertine or tufa in a few sections and mostly constituting the stratigraphic basement of the terrace sections where observed. No evaporites or other chemical sediments are found in the study area.
Terrace sediments hardly contain any biota. The fauna occasionally found in these deposits includes usually fresh-water gastropods and bivalves (Dreissena sp.).
The terraces around the Lake Van are mostly made up of clastic sediments accumulated in various lake-related depositional environments, including alluvial fan/braided river, beach, delta, nearshore and offshore. These depositional environments are characterized by distinct physical, chemical and biological conditions, including the fauna and flora, geology, geomorphology, climate, and, for subaqueous environments, the depth, temperature, salinity, and current and wave regimes. Therefore, if 36 the variability of the depositional environments of the terrace sediments, based on facies changes, are discussed with emphasis on these conditions, it may be possible to enlighten, to a certain extent, the local tectonics and the climate prevailed in the Paleo-Lake Van basin during its geological history. In the following paragraphs, we make such an attempt to deal mainly with the depositional conditions of the sedimentary environments in the Paleo-Lake Van basin.
Alluvial Fan/Braided River Environment
The alluvial fan/braided river sediments are recognized in the Sections-KV 1 , KV 2 , MB 1 , KD 1 , ED 1 and ZD 1 . Although they are not significant in the basin in terms of volume, they are important because their deposition is sensitive to tectonic and climatic controls. They imply vertical tectonic activity during or immediately prior to their deposition. The sections-KV1, KV2 and MB1 are measured in the Karasu Valley and Munisinbahçe locality (around Mollakas›m) (Figure 1 ). These areas are located just to the N and NW of the Çomakl›baba Mountain that is bounded from north and south by active thrust faults. It is quite possible that these faults uplifted the Çomakl›baba mountainous area that provided debris and increased stream competence to accumulate the terrace deposits. Of course, these alluvial fans/braided rivers may have also developed due to base-level lowering, as in the case where the River Karasu has eroded its floor at a more rapid rate than its tributary streams have (Carryer, 1966; Bull, 1972) . The other three sections (KD 1 , ED 1 and ZD 1 ) are situated in the northern margin of the Lake Van where the NE-SW striking strike-slip faults occur in the adjacent high areas (Figure 1 ). These faults may have created uplift in the catchment areas which provided sediments to the alluvial fans/braided rivers, reaching to the Lake Paleo-Van. This interpretation is supported by the geology of the region as discussed in Section 2.1. This basin lies in the center of a dome structure underlain by the thinnest crust in the eastern Turkey. It has been rising since the closure of the Bitlis Ocean in the medial Miocene with the development of significant strike-and dip-slip faults, resulting in a topographic differentiation in the region (fiengör et al., 1985, 2008) .
Most of the modern alluvial fans occur in arid or semi-arid regions (Bull, 1972; Blair and McPherson 1994) . Perhaps, the Lake Paleo-Van also had arid climate during the formation of the alluvial fans/braided rivers recognized in the terraces.
However, the well-bedded and clast-supported coarse conglomerates of the alluvial fans in the area studied indicate that they were deposited by sheet flood processes under wet conditions (Harvey et al., 2005) . This may suggest that there was enough water supply in the Lake Paleo-Van Basin to the mainstream channels leading towards the fans. The water source may be the rainfall over the entire basin or snowmelt runoff from all or part of the basin during the warm and wet interstadials.
Beach Environment
The beach deposits are best seen in the Dönemeç Çay› (Section-DÖN 2 ), Karasu (Section-KV 2 ) and Bo¤az Dere (Section-BD 1 ) Valleys that are bounded by high terains with many distributary streams, extending down to the main valleys. The existence of the beach deposits in these areas indicates that these valleys were once invaded by the Lake Paleo-Van and the water level of the lake was 60 to 85 m higher than the present lake level (1648 m asl). It seems that the Streams Dönemeç Çay›, Bo¤az Dere, Karasu and their distributary creeks transported abundant detritus to the lake where they were handled and reworked by shoreline processes in some parts of the valleys. The beaches developed along the skirts of the adjacent highs and therefore they were probably narrow and limited in spatial distribution. The narrowness of the beaches and their rapid sideward or upward passages into finer-grained nearshore lake or coarser-grained alluvial fan/braided river sediments may have been resulted from the reduced wave activity and lack of tidal effects in the Paleo-Lake Van. However, the wave energy on the beaches was high enough to rework and accumulate the well-sorted, -rounded and cross-rippled sandstones in part with conglomerates in these environments. These sediments were perhaps shaped under the effects of wave swash-backwash along the beaches.
The beach deposits clarly mark lake level and therefore their occurrence at various elevations, such as 1708 m asl (Section-DÖN 2 ), 1733 m asl (Section-BD 1 ) and 1736 m asl (Section-KV 2 ) indicates that the lake-level was much higher and variable in the past. The absence of large-scale cyclicity in the studied terraces suggest that the lake level changes do not appear to represent great fluctuations in water depth of the Lake Van. It rather show a an apparent gradual drop in water level from 1755 masl at ~125 ka BP to its modern level at 1647 m, as suggested by the younging ages of the shoreline facies with decreasing elevation. However, considering the closed nature of the Lake Van, the intensive late Quaternary volcanism and active tectonics of the area, it is most likely that Lake Van has been subjected to significant lake level fluctuations under the influence of climatic, tectonic and volcanic processes (e.g., see Sumita and Schmincke, 2013a, b) . The effect of the climate on the lake-level was through evaporation-precipitation balance. The Lake Van level was generally higher during interglacial and interstadials than that during glacial and stadials, according to the sedimentological, palynological and isotopic evidence from the sediments cored within the lake (Ça¤atay et al., , Stockhecke et al., 2104 . As discussed in Section 2.1, the Lake Van Basin and the surrounding areas have been subjected to convergent tectonics since the medial Miocene. Owing to this tectonics, the marginal lake facies or terraces may have been uplifted gradually to upper elevations. During the formation of the marginal lake facies, the climate was probably drier, providing suitable conditions for excessive evaporation. These circumstances during the stadials may have resulted in a gradual fall in the water level, leading to the contraction of the lake. As the lake shoreline shifted towards the basin center, its margins were exposed gradually to subaerial conditons where the weathering and erosional processes modified the sediments. This development increased the sediment supply and the sediments thus provided were deposited at the margins as beach and delta deposits during the fall in water level.
Delta Environment
Gilbert-type delta deposits mostly occur in the eastern margin of the Paleo-Van and they are best observed in the Dönemeç Valley (Sections-DÖN 3 ), Karasu Valley (Section-KV 3 ), Çak›rbey Village (Section-CB 1 ), Karahan Village (Section-KAR 1 ), Zilan Valley (Section-ZV 2 ) and the Ziyaret Dere Valley (Section-ZD 1 ). Their concentration along this gradually rising margin is not surprising, because this type of coarse-grained deltas usually form where high sediment supply, high water flux and steep basin margin are available (Postma, 1990; Çukur et al., 2013) . As mentioned in the discussion of the beach environment above, the uplift of the eastern margin created steep topography to supply coarse-grained sediments, while the dropping lake-level caused the marginal streams to downcut to new base levels and carried the detritus to deposit the prograding Gilberttype deltas. During this time, with high erosion rates due to low vegetation cover, the climate was perhaps the major factor enhancing the sediment supply and runoff, despite the glacial conditions prevailed in the area as suggested by the ages of these sediments. Glaciers probably played an important role in streamflow régimes with the release of their meltwaters perhaps during the interstadials of Late Glacial period. Recent studies on borehole stratigraphic secions recovered by the PaleoVan project of the International Continental Drilling Program (ICDP) shows that increased snow precipitation and meltwater delivery to Lake Van during the Late Glacial Kwiecien et al., 2014) .
A Gilbert-type delta environment usually has low energy with limited water agitation. In this environment, fluvial processes predominate over the wind-induced wave and currents. Therefore, the distribution of the Gilbert-type deltas in the Lake Paleo-Van Basin may suggest that the eastern margin of this lake was a low-energy coast sheltered from winds. Probably the prevailing wind was perhaps blowing either from the north or south and thus not affecting much the eastern shore. The Gilbert-type deltas may also provide evidence for the depth of the Lake Paleo-Van, because the lake water level determined the heights of the foreset. Considering the heights of the foresets, its depth perhaps did not exceed few tens of metres where the deltas formed.
Nearshore Lake Environment
This environment was recognized in the Sections-CV 1 , -HD 1 , -DT 1 , -KRD 1 , -KC 1 and KOD. It formed a transitional zone between the beach and the offshore lake environments. Sandstones with subordinate conglomerates are the dominant facies. The presence of these sediments requires a physical mechanism capable of transporting them to the environment, because transitional zone environments are generally below the wave-base and mostly accumulate finer-grained sediments. The existence of coarser-grained sediments in this environment is mostly resulted from deposition during heavy storms. In the stormy weathers, much coarse-grained sediments are eroded from beaches and are brought to transitional zones. This was perhaps the case along the Plaeo-Lake Van shores where storms were apparently active during the deposition of the nearshore sediments. The relatively coarse-grained sediments of the aluvial fans, beaches and the Gilberttype deltas along the lake coast acted during storms as sources for these sediments. The subordinate conglomerates were laid down in the vicinity of the stream mouths, whereas the sandstones and minor amounts of mudstones with wave ripples and very fine parallel laminations may have been spread out farther to the deeper waters where relatively finer grains could accumulate. These sediments were perhaps transported to these depositional sites by storm-generated traction currents or river-inflow currents deflected along the lake margin. Turbidity currents seem not to have played an important role in the sediment transportation, because the Paleo-Van nearshore sediments show no evidence of turbidite depositon, such as graded bedding and sole-marks. The existence of large-scale slump scars in the nearshore sediments indicates gravitational instabilities in this environment. The environment was perhaps often subjected to shocks from storms, earthquakes or sudden adition of more sediment (Dyskstra, 2004; van Rensbergen et al., 1999; Schnellmann et al., 2002 Schnellmann et al., , 2005 Chapron et al., 2006; Volland, et al., 2007; Toker et al., 2007) .
Offshore Lake Environment
Offshore lake sediments are best exposed in the Sections-DÖN 1 , -DÖN 4 , -AC 1 , -AC 2 , -DV 1 , -DV 2 , -ZV 1 , KB, -CM 1 -ZD 2 and -KDS 1 . Deposition of these sediments in quiet, standing water is suggested by the laterally persistent facies, thin-stratification, varves, fine grain size and hydroplastic disruptions, such as slumps and convolute beddings. The processes thought to be responsible for their deposition were perhaps downslope directed tractional currents near the shore and settling from suspension furthest out in the lake. The varve sedimentation in this lake seems to be a characteristic process and certainly represent seasonal settling from suspension in deep waters (Kempe, 1977; Stockhecke et al., 2012) . Oxygen isotopes, Mg/Ca ratios in carbonates, and pollen and charcoal data from these annually laminated sediments revealed that there was an arid climate event with low lake levels in the Paleo-Lake Van Basin with treeless steppe vegetation during the Late Glacial (ca. 14 ka varve years; Landmann et al., 1996a Landmann et al., , b, 2011 ; wet climatic conditions were established in the basin during the Holocene time (Wick et al., 2003; Ça¤atay et al., 2014) . The well preservation of the varve sediments in the Paleo-Van lake environment suggests that the lake floor was inhospitable for the benthic life. This hostility was perhaps due to its extreme chemical water composition with high alkalinity and salinity at the time (Gessner, 1957; Danulat and Selçuk, 1992; Landmann, 1996a, b) . The high salinity (22 ‰) and sodium and bicarbonate rich waters was resulted from the weathering of the volcanic rocks in drainage basin and evaporation in a closed basin. The lake occasionaly deposited tufa in the Section-CM 1 and microbiolites in the shallow offshore areas, indicating involvement of blue-green algae and bacteria in carbonate deposition in the lake (Kempe et al., 1991; Lopez-Garcia et al., 2005) .
The convolute beds and fluid escape structures are mostly restricted to single layers bounded by undisturbed beds above and below. These structures in the terrace sedimentary sequences may be interpreted to have been triggered by paleoearthquakes, considering the seismically active nature of the (Ambraseys, 1988; McCalpin and Nelson, 1996; Türkelli et al., 2003; Litt et al., 2009) . Their occurrence at different elevations (DÖN 4 : 1700 asl, KDS 1 : 1693 m asl, DÖN 1 : 1687 m asl, DV 1 : 1678 m asl and ZD 2 : 1666 m asl) suggests that these seismic events recurred at least five times during the last 34 14 C ka BP. Unfortunately the exact time of the earthquakes cannot be given, because the individual convolute beds could not be dated in this study. These events may have been generated in the area either by ground shaking by eaertquakes or by the eruption of the Süphan or Nemrut Volcanos. Among the sections studied, only two sections (KB1 and CM1) between Ercifl and Adilcevaz contain volcanic material associated with the offshore lake sediments. The sections occur at two different elevations of 1676 m asl and 1727 m asl. If the difference in the elevations was not caused by tectonics, the Süphan or Nemrut Volcanos must have been erupted twice during 9.7-5.9 ka BP interval according to the age of the nearby Section-KRD 1 in Karadere Valley in Adilcevaz.
Terraces and lake level changes
Presence of old lake terraces at various elevations around the Lake Van Basin suggest significant lake level changes over the last ~125 ka. This is also supported by the presence of lowstand deltas and onlap sequences in the subaqueous seismic reflection profiles (Damc› et al., 2012; Çukur et al., 2013 and 2014) . The lake terraces observed around Lake Van are believed to represent relatively high water level periods of Paleo-Lake Van relative to its present lake level, even though tectonic uplift can account for some of their elevation.
As pointed out in Section 3.1, the age data on the various terraces around the Lake Van are insufficient for their basin wide stratigraphic correlation, and thus for reaching sound conclusions about the lake level changes and the role of tectonic uplift in their present elevation. However, some preliminary conclusions can be reached concerning the general long-term lake level oscillations. The following assumptions are used when discussing the lake level changes of the Paleo-Lake Van, using the old lake terraces:
The Gilbert-type deltas observed in the valleys around Lake Van were deposited during rising lake level.
The parallel finely bedded and laminated clayey silt and sandstone facies were deposited in relatively deep water (e.g., Landmann et al., 1996a, b; Kempe et al., 2002; Stockhecke et al., 2013; Ça¤atay et al., 2014) .
The hydrological system in the watershed of Lake Van and the lake level follow a general wet and highstand interglacial versus dry and low-stand glacial pattern Ça¤atay et al., 2014) . However, there are exceptions to this general trend, as evidenced by some terraces dated between 26 and 21 ka BP , which may be associated with snow melting during interstadials periods of Late Glacial (Ça¤atay et al., 2014) ..
With the above considerations, considering its >100 ka age , the highest terraces reaching 1761 masl in the Beyüzümü district (Çayaras› Valley) and 1755 m in the Kotum Valley was likely deposited during marine isotope stage 5e (Eemean), as corroborated by the organic carbonrich, finely laminated sediments of this stage analyzed in the ICDP PaleoVan cores (Stockechke et al., 2013 (Stockechke et al., , 2014 . The deposition of this terrace, located at 110 m above the present lake level and 20 m above the present lake's threshold, is associated with pyroclastic deposits damming the lake's outlet in the Kotum Valley. Another terrace in the lower Kotum Dere Valley, close to the river mouth, represented by our Sections KOD1, GPS-035 and KOD 2 GPS-037) (Figure 1) , reaches up to 1730-1735 masl and was probably deposited during a later substage of the last interglacial (i.e., MIS 5a). This conclusion is supported by high lake levels evidenced by the multiproxy analyses of ICDP cores recovered from Lake Van (Ça¤atay et al., 2014) , and the presence of peat (swamp) deposits under the ~80 ka BP old ‹ncekaya basaltic hyaloclastite unit located at 1777 masl elevation (Sumita and Schmincke, 2013a) . Such a high elevation (41 m above the present lake level and 40 m above the sill in Kotum) of the peat representing the lake level at the time is most likely partly due to tectonic uplift.
In the absence of age data, another alternative for the age of the delta in the the lower reaches of the Kotum Valley is 30-34 ka BP during which dramatic changes are recorded in the total organic and inorganic carbon contents and stable oxygen and carbon isotope values of sediments in the ICDP stratigraphic section (Ça¤atay et al., 2014) and an onlapping sequence in seismic sections occurs (Çukur et al., 2014) . All these evidence indicate a rapid lake level rise. This rapid increase in the lake level was most probably the result of melt water delivery with low ‰ 18 O and ‰ 13 C values, caused by the D-O event following H4 (ca 35 ka BP; Wolff et al, 2010; Blockley et al., 2012) . This transgression also corresponds in time with the Nemrut volcano activity leading to the deposition of the Nemrut formation, which was associated with the caldera forming eruption of 10 km 3 of magma (Sumita and Schmincke, 2013a) .
The Gilbert fan delta observed at 1690 m in Karahan Village (GPS-021, 022, 023; K›rklar) near the northern shore of Lake Van was deposited during 26-24 ka according to the radiocarbon dating of Kuzucuo¤lu et al. (2010) (Table 1 ). This suggests that the lake level reached an altitude of at least 45 m above the present level during that time. Even though there are no supporting ages, Kuzucuo¤lu et al. (2010) suggests that co-eval terrace sediments are also present in Yumrutepe in the Karasu Valley in the east and in the Engil River Valley in the southeast of the lake. The same authors also state that the coastal cliff terrace at Mollakasim (GPS-047) represents abrasion type terrace formed during a regression after the lake level transgression during 26-24 ka BP.
Most of the terraces deposited in the valleys close to the river mouths are dated to two periods: 22-21 ka BP and 10-6 ka BP. The terraces are in the form of Gilbert type delta sequences. Those belonging to the first period were dated in Güzelsu in Engil River valley by Kempe et al. (2002) . Terraces of similar age are also found in Mollakas›m (GPS-045) in Karasu and in Kotum, Zilan, Karasu, and Bendimahi river valleys. These terraces reach up to 1700 m elevation.
The transgressive episode during 22-21 ka BP was followed by a drastic lake level fall, reaching to minimum levels durig 16-14 ka BP (Landmann et al., 1996a, b; . This lakel level fall is also supported by deposition of dolomite, low TOC and increased rate of mass flow events in the ICDP borehole sections Stockhecke et al., 2013) , and subaqueous prograding deltas at ca -200 m in the seismic sections in the Northern and Tatvan basins (Damc› et al., 2012; Çukur et al., 2014) .
The last period of coastal terrace deposition occurred during the early Holocene. The most representative of these young terraces is the one near Adilcevaz in the Karadere valley, which has been dated between 10 and 6 ka BP (Table 1) . During this time, the lake level reached 1676 masl (~30 m above the present lake level). These terraces were deposited during a transgression following the major regression at 16-15 ka BP and a somewhat smaller scale regression during the Younger Dryas (Landmann et al., 1996a (Landmann et al., , b, 2011 Çukur et al., 2014; Ça¤atay et al., 2014) .
Conclusions
On the basis of the preceding discussions, the following summary and conclusions may be given:
1. The terraces studied around the Lake Van record the last ca. 125 ka of the 500-ka-long geological history of the Lake Van Basin as suggested by the oldest terrace sediments dated in the Çayaras› Valley (Beyüzümü) and Kotum Dere Valley at 1754-1761 masl elevations.
2. The terrace sediments formed from clastic sediments accumulated in a large array of relatively shallow lacustrine environments, such as offshore lake, nearshore lake, Gilberttype delta, beach and alluvial fan/braided river.
3. The terraces deposited in the form of Gilbert type fan deltas around Lake Van represent deposition during transgressive episodes. Such episodes are observed during MIS5, 34-30 ka, 26-24 ka BP, 22-21 ka BP and 10-6 ka BP.
4. The level was controlled by climate, tectonism and volcanism. The interglacial and interstadial periods were generally characterized by high lake levels with the sediments supplied mostly by running waters as wet conditions were established in the area. During the during interstadial periods of the Last Glacial meltwaters from snow and ice contributed water and sediment to the lake. Volcanism contributed tephra, volcanoclastic sediments and may have caused changes in the elevation of the lake's outlet, thereby influencing the lake levels. Tectonic uplift or warping associated with the dip-slip and/or strike-slip faults also affected the lake level and increased the sediment input.
5. Variability of shoreline and delta facies provides evidence for the distribution of wave energy and the effects of paleowinds. Higher wave energy existed along the northern margin and in some parts of the eastern margin of the Paleo-Lake Van where the beach and the nearshore lake sediments were strongly affected by lake processes. The relatively coarse grain size of these sediments and their reactivation surfaces suggest that strong winds or storms were an active agent in transportation and deposition in the Paleo Lake -Van. The dominant wind direction was perhaps from south to north as indicated by the distribution of the beach and the nearshore lake sediments.
6. The beach sediments mark the shoreline of the Paleo-Lake Van. They occur at three elevations: 1708, 1733 and 1736 m masl.
(Sections-DÖN 2 , BD 1 and KV 2 , respectively). The deposits at the last two elevations may have been thought to be the products of the same shoreline if the 30 m ground pixel resolution of the ASTER DEM data is considered. On the basis of their subdepositional environments, the paleoshorelines may be placed at 1740 (shoreline-1) and 1710 (shoreline-2) masl (Figures 31 and  32 ). The age of the former is ca. ≥ 30-34 ka BP, whereas that of the latter is 20.7-20.9 ka BP as suggested by the dating of the beach or the associated lacustrine sediments more or less at the same elevations in the Karasu and Dönemeç Çay› Valleys, respectively. 1740 m maximum lake-level dictates that no lacustrine facies younger than ≥ 30-34 ka BP can be found above the elevation of 1740 m in the lake basin. Therefore, the terrace sediments at the elevations of 1754-1761 masl in the Çayaras› Valley (Section-CV 1 ) must have been elevated to these hights by a fault zone, extending between the villages Kalecik and De¤irmen as described first by Ketin (1977) (Figure 1 ). 
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7. Beside the present shoreline, the recognition of another two paleoshorelines in the Lake Van Basin suggests changes in the lake-level during the deposition of the terrace sediments examined (Figure 31 ). The consistent younging of the paleo-shorelines toward low elevations suggests that these changes took place as a gradual drop in lake-level, rather than by fluctuations. The lack of large-scale cyclicity in the terrace successions also supports this interpretation. The present lakelevel was attained in probably three stages during the last ~30 ka BP. The lake-level dropped first from 1740 to 1710 masl from 32 ka BP to 21 ka BP and then a further drop occurred to about 200 m below the present lake level at about 15-14 ka BP, as evidenced in sedimentary sections recovered from within the lake (Figure 32) . A rise to the present level of 1647 masl occurred in the latest glacial and early Holocene. The drops were probably caused by both climate and tectonic processes, although the former may have been more effective. Particularly, the changes in the amounts of precipitation and evaporation with time must have played an important role. From the shoreline elevations and their ages, rate of the water level drop was calculated as 2.3 mm yr -1 for the first stage and 2.9 mm yr -1 for the second stage. The first and second stages of lake-level drops took place before and after the Last Glacial Maximum.
